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(57) ABSTRACT 

A camera with through-the-lens lighting, comprising: 
a light source that produces incoherent light; 
a photosensitive surface; 

focusing optics, having an optical axis, that forms an 

image of a scene, within a field of view, on the 

photosensitive surface, 
wherein the light is boresighted with the optical axis and 

directed toward the scene, illuminating substantially 

only the field of view of the camera. 
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CAMERA WITH THROUGH THE-LENS 
LIGHTING 

RELATED APPLICATIONS 

The present application is a divisional application of U.S. 
application Ser. No. 09/250,322, which was filed in the U.S. 
Patent and Trademark Office on Feb. 16, 1999, now U.S. Pat. 
No. 6,445,884, as a continuation-in-part of U.S. patent 
application Ser. No. 08/981,357 filed Dec. 19, 1997, Now 
U.S. Pat. No. 6,057,909, which is the national phase of PCT 
application PCT/IL96/00020 filed Jun. 20, 1996. The Ser. 
No. 09/250,322 application is also a continuation in part of 
U.S. patent application Ser. No. 08/981,359 filed Dec. 19, 
1997, now U.S. Pat. No. 6,091,905, which is the national 
phase of PCT application PCT/IL96/00021 filed Jun. 20, 
1996. The disclosures of all these applications, including all 
appendixes thereof, are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to cameras with "through- 
the-lens" lighting and in particular to cameras with 
"through-the-lens" lighting and a dual-modulation system 
for protecting the photosensitive surface from stray light. 

BACKGROUND OF THE INVENTION 

In cameras, true frontal lighting is achieved when the light 
source is positioned behind the lens, on the lens's optical 
axis. To reach the image, the light must pass through the 
lens. With "through-the-lens" lighting there is no shadow- 
ing. 

The condition of no shadowing is valuable for general 
photography. It is also important in optical-ranging appli- 
cations for distance measuring and for acquiring three- 
dimensional views. Theoretically, in optical- ranging 
applications, the distance between the camera and a point on 
a scene is directly related to the amount of reflected radiation 
from that point. Clearly shadowing introduces errors to the 
measurements. 

An added advantage of "through-the-lens" lighting is that 
by proper arrangement, it is possible to illuminate substan- 
tially only the'field of view of the camera. Thus, light losses 
are be minimized. 

Naturally, positioning the fight source behind the lens, on 
the optical axis, would block reflected radiation from the 
scene; a shadow of the light source would be formed on the 
photosensitive surface. However, the light source can be 
located behind the lens, sufficiently offset from the optical 
axis so as not to block the path of reflected radiation from the 
scene. The light is boresighted with the optical axis using a 
beamsplitter or a mirror. 

Cameras with "through-the-lens" lighting, using a 
coherent, collimated, internal light source, are known. U.S. 
Pat. No. 5,200,793, which is incorporated herein by 
reference, describes an optical-ranging camera with 
"through-the-lens" lighting wherein the light passes through 
an expander/collimator, collimating the beam and modifying 
its diameter. It is then boresighted with the optical axis using 
a beamsplitter and directed through a objective lens; the 
desired field of view is illuminated. A light modulator on the 
optical axis modulates both outgoing light and reflected 
radiation from the scene, according to a wave function, 
generally a sinusoidal wave function. Generally, the light 
source is laser light. A band -pass filter, adjacent to the 
photosensitive surface, protects the photosensitive surface 
from ambient light. However, the band -pass filter does not 
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protect the photosensitive surface from stray light originat- 
ing from the internal light source (and having essentially the 
same frequency as reflected radiation from the scene). 

S SUMMARY OF THE INVENTION 

It is an aspect of some preferred embodiments of the 
present invention that a camera be constructed with 
"through-the-lens" lighting, wherein a light source is located 
behind the lens. Preferably, the light is boresighted with the 

10 optical axis of the camera, using a beamsplitter or a mirror. 
In some preferred embodiments of the present invention, 
a source of incoherent light is used. Alternatively, a source 
of coherent light is used. 

!5 In some preferred embodiments of the present invention, 
the light is collimated and the beam diameter modified such 
that the light that emerges through the lens illuminates 
substantially only the field of view of the camera. 

In preferred embodiments of this aspect, FOV, the field of 

20 view of the camera is substantially equal to FOI, the field of 
illumination. As a result, shadowing is eliminated, illumi- 
nation of the scene is homogenous and the sense of depth is 
improved, all these leading to optimal illumination. 
Alternatively or additionally, an extended light source is 

25 preferably used, wherein the light is not collimated. Prefer- 
ably the light source has an optical extent substantially the 
same as that of the photosensitive surface. This means that 
the effective angle illuminated by the light source as it leaves 
the camera (FOI) is the same as the effective angle viewed 

30 by photosensitive surface (FOV). 

An aspect of some preferred embodiments of the present 
invention is that a camera with "through-the-lens" lighting 
include a van able- aperture iris, adjacent to the light source, 
in order to reduce the beam diameter, when desired, such 

35 that only a portion of the field of view is illuminated. In 
preferred embodiments of this aspect, partial illumination of 
the field of view is made possible. However, generally, the 
best mode operation is when FOV is substantially the same 
as FOI. 

40 

An aspect of some preferred embodiments of the present 
invention is that a camera with "through-the-lens" lighting 
include a dual modulation system comprising a fast light 
modulator positioned between the beamsplitter (or mirror) 

45 and the photosensitive surface and a fast light modulator 
positioned between the beamsplitter (or mirror) and the light 
source. A controller, or some appropriate circuitry, controls 
the two modulators and the light-source. Alternatively, the 
photosensitive surface itself is switched between an on and 

5o off so that it does or does not react to the light incident on 
it. 

In some preferred embodiments of this aspect, a method 
of dual modulation is carried out which substantially blocks 
light from reaching the photosensitive surface (or turns the 

5S surface off) whenever the light-source is on, yet insures that 
all the desired radiation reflected from the scene is collected. 

Alternatively or additionally, a method of dual modula- 
tion is carried out as an effective gain control, to equalize, to 
some extent, the amount of light reflected from the main 

60 object and the amount of light reflected from the back- 
ground. This serves to increase the signal to noise ratio of a 
resultant image while avoiding overloading of those portions 
of the photosensitive surface that image bright parts of the 
image. 

65 An aspect of some preferred embodiments of the present 
invention is that a camera with "through-the-lens" lighting 
be constructed in the CMOS technology, with only one fast 
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light modulator, positioned between the beamsplitter (or 
mirror) and the light source. Modulation of the photosensi- 
tive area is carried out at the level of the pixels. A controller, 
or some appropriate circuitry, controls the modulation of the 
light-source and the modulation of the pixels. 

In preferred embodiments of this aspect, a program of 
dual modulation is carried out which substantially blocks 
light from activating the photosensitive surface whenever 
the light-source is on. Since gating of the photosensitive area 
is carried out at the level of the pixels, it is possible to 
control the amount of radiation reflected from the scene that 
is collected on each pixel. In this manner, effective gain 
control, equalizing the amount of light reflected from the 
main object and the amount of light reflected from the 
background is better achieved. 

There is thus provided, in accordance with a preferred 
embodiment of the invention, a camera with through-the- 
lens lighting, comprising: 

a light source that produces incoherent light; 

a photosensitive surface; 

focusing optics, having an optical axis, that forms an 
image of a scene, within a field of view, on the 
photosensitive surface, 

wherein the light is boresighted with the optical axis and 
directed toward the scene, illuminating substantially 
only the field of view of the camera. 

Preferably, the focusing optics comprises telecentric 
optics which collimates reflected radiation from the scene. 

Preferably, the focusing optics includes a collimating lens 
which collimates the light. 

In a preferred embodiment of the invention, the camera is 
an optical ranging camera and comprising a single modu- 
lator which modulates both the collimated, incoherent light 
and reflected radiation from the scene, wherein only a 
desired, gated portion of the reflected radiation from the 
scene is collected and wherein intensity values of the image 
are indicative of distances of objects from the camera. 

Preferably, the light source is a modulated light source 
and the light reaching the photosensitive surface is modu- 
lated by a modulator. 

Preferably, the light source is modulated and the sensi- 
tivity of the photosensitive surface is modulated. 

There is further provided, in accordance with a preferred 
embodiment of the invention, a camera with through-the- 
lens lighting, comprising: 

a modulated light source; 

a photosensitive surface; 

focusing optics, having an optical axis, that forms an 
image of a scene, within a field of view, on the 
photosensitive surface, wherein the light is boresighted 
with the optical axis and directed toward the scene, 
illuminating substantially only the field of view of the 
camera; 

a modulator which modulates radiation striking the pho- 
tosensitive surface or the sensitivity of the photosensi- 
tive surface, wherein the modulator does not modulate 
the light source; and 

a controller, controlling the modulator and the modulation 
of the light-source, to block a reaction of the photo- 
sensitive surface whenever the modulated source of 
light is on, while insuring that all the desired radiation 
reflected from the scene is collected. 

Preferably the camera includes a collimating lens which 
collimates the light. 

In a preferred embodiment of the invention, the light is 
coherent. Alternatively, the light is incoherent. 
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In a preferred embodiment of the invention, the camera is 
an optical ranging camera, only a desired, gated portion of 
the reflected radiation from the scene is collected and 
intensity values of the image are indicative of distances of 
objects from the camera. 

In a preferred embodiment of the invention, the focusing 
optics comprises telecentric optics which collimates also 
reflected radiation from the scene. 

In a preferred embodiment of the invention the modulator 
is operative to vary the sensitivity of the photosensitive 
surface. 

In a preferred embodiment of the invention, the modulator 
modulates radiation striking the photosensitive surface and 
transmits substantially all the reflected radiation from the 
scene that reaches the camera. 

In a preferred embodiment of the invention, the camera 
includes: 

a controller, controlling the modulator and the modulation 
of the light-source, to block activation of the photo- 
sensitive surface whenever the modulated source of 
light is on, while insuring that all the desired radiation 
reflected from the scene is collected. 
In a preferred embodiment of the invention, the modulator 
does not modulate the light from the light source that 
illuminates the scene. 

Preferably, the controller provides a plurality of light 
pulses such that a total desired amount of light reaches the 
photosensitive surface from the scene. 

In a preferred embodiment of the invention, the source 
and photosensitive surface have substantially equivalent 
optical extents, so that light emerges through the lens, 
illuminating substantially only the field of view of the 
camera. 

In a preferred embodiment of the invention, the light 
source is an extended light source and comprising a 
variable- aperture iris adjacent to the extended source for 
controlling the extent of the illuminated field of view. 

There is further provided, in accordance with a preferred 
embodiment of the invention, a method of creating an image 
with through-the-lens lighting comprising: 

boresighting the beam with the optical axis of a camera, 

having a field of view; and 
illuminating a scene with a beam of incoherent light, 
emerging from the camera along the optical axis, such 
that only the field of view of the camera is illuminated 
by the beam. 

There is further provided, in accordance with a preferred 
embodiment of the invention, a method of creating an image 
with through-the-lens lighting comprising: 

providing a modulated beam of light; 

boresighting the beam with an optical axis of a camera 
having a field of view; 

illuminating a scene with the beam, emerging from the 
camera, such that substantially only the field of view of 
the camera is illuminated; and 

modulating the activation of a photosensitive surface of 
the camera in synchrony with the beam modulation, 
such that light is blocked from activating the photo- 
sensitive surface whenever the beam is on, while insur- 
ing that all the desired reflected radiation from the 
scene is collected on the photosensitive surface. 

Preferably, modulating the activation comprises blocking 
light from incidence on the photosensitive surface. 

Preferably, modulating the activation comprises modulat- 
ing the sensitivity of the photosensitive surface. 

Preferably, the method includes collimating the beam. 
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There is further provided, in accordance with a preferred 
embodiment of the invention, a method of creating an image 
with through-the-lens lighting comprising: 

providing a beam of light, emanating from an extended 

source, internal to a camera; 5 
boresighting the beam with an optical axis of the camera; 
and 

illuminating a scene with the beam, emerging from the 
camera, such that substantially only a field of view of 
the camera is illuminated. 

Preferably, the method includes: 

modulating the beam; and 

modulating the activity of the photosensitive surface in 
synchrony with the beam modulation, blocking light 15 
from activating the photosensitive surface whenever 
the beam is on, while insuring that all the desired 
reflected radiation from the scene is collected. 
In a preferred embodiment of the invention, modulating 
the activity comprises blocking light from reaching the 2 o 
photosensitive surface. Alternatively, modulating the activ- 
ity comprises modulating the sensitivity of the photosensi- 
tive surface. 

In a preferred embodiment of the invention, modulating 
activation of the photosensitive surface in synchrony with 25 
the beam comprises: 

estimating the average distance to the scene and the depth 
of scene; 

modulating the light source with a multiple-pulse function 
of square pulses having a duration of b 1 seconds each, 30 
6 2 seconds apart, wherein during b l9 light is transmitted 
and during 6 2 , light is blocked; and 
modulating activation of the photosensitive surface with a 
multiple-pulse function of square pulses that is 
included within the inverse of the light-source modu- 35 
lation function, so that during b v the surface is not 
sensitive to light and during at least part of 6 2 , the 
surface is sensitive to light. 
In a preferred embodiment of the invention, the duration 
of the light pulse, is shorter than twice the time taken for 40 
light to propagate to the scene and wherein b x +b 2 , the time 
for a complete modulation cycle, is greater than the total 
time for light to propagate to the scene and for reflected 
radiation from all points on the scene to be recovered. 

In a preferred embodiment of the invention, estimating 45 
comprises: 

focusing the camera on the scene using the camera's 

focusing optics; 
determining the distance to a point of optimum focus 

based on the setting of the focusing optics; 
determining the depth of field of the focusing optics for 

that setting; 

estimating the distance to scene based on the distance to 
a point of optimum focus; and 5S 

estimating the depth of the scene based on the depth of 
field of the focusing optics for that setting. 

In a preferred embodiment of the invention, estimating 
comprises: 

setting the camera to a range-determining mode; 6Q 

varying the modulation function; and 

using the first few images to estimate the distance to the 
scene and the depth of the scene. 

Preferably, a number of pulses of fight illuminates the 
scene to provide a desired illumination thereof, said desired 65 
illumination being based at least in part on the determined 
distance. 
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In a preferred embodiment of the invention, estimating 
comprises setting the value of distance to the scene plus the 
depth of the scene to be equal to the range of the light source. 

In a preferred embodiment of the invention, modulating 
activation of the photosensitive surface in synchrony with 
the beam comprises: 

estimating the amount of light reflected from different 
portions of the scene which reaches the camera from 
various parts of the scene; and 

modulating the light source, responsive to said estimate, 
with a multiple-pulse function of square pulses having 
a duration oi b 1 seconds each, 8 2 seconds apart, 
wherein during 6 l7 light is transmitted and during 8 2 , 
fight is blocked; and 

modulating activation of the photosensitive surface with a 
multiple -pulse function of square pulses that is 
included within the inverse of the light-source modu- 
lation function, so that during b ly the surface is not 
sensitive to light and during at least part of 8 2) the 
surface is sensitive to light, so as to adjust the range of 
light reaching various portions of the photosensitive 
surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood 
from the following detailed description of the preferred 
embodiments of the invention and from the attached 
drawings, in which same number designations are main- 
tained throughout the figures for each element and in which: 

FIG. 1A is a schematic illustration of a camera with 
"through-the-lens" lighting having an extended light source 
behind the lens and a dual modulation program for 
photosensitive-surface protection from stray light, in accor- 
dance with a preferred embodiment of the invention; 

FIG. IB is a schematic illustration of a camera with 
"through-the-lens" lighting, constructed in the CMOS tech- 
nology and a dual modulation program for photosensitive- 
surface protection from stray light, in accordance with a 
preferred embodiment of the invention; 

FIGS. 2A-2E is a schematic illustration of a dual- 
modulation program that effects photosensitive-surface pro- 
tection from stray light, in accordance with a preferred 
embodiment of the invention; 

FIG. 3 is a schematic illustration of a telecentric, optical- 
ranging camera with "through-the-lens" lighting, utilizing 
the dual-modulation program for photosensitive-surface 
protection from stray light, in accordance with a preferred 
embodiment of the invention; and 

FIG. 4 is a schematic illustration of another telecentric, 
optical-ranging camera with "through-the-lens" lighting, 
utilizing the dual-modulation program for photosensitive - 
surface protection from stray light, in accordance with a 
preferred embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Reference is now made to FIG. 1A, which is a schematic 
illustration of a camera 60 with "through-the-lens" lighting, 
in accordance with a preferred embodiment of the invention. 
Camera 60 comprises focusing optics 36, having a centerline 
37 and an optical axis 56. Camera 60 further comprises a 
photosensitive surface 22, having an extent of diagonal H 0 
and located at a distance S 0 from centerline 37 of focusing 
optics 36. It should be understood that the optics of the 
camera are greatly simplified; in practice, more complicated 
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optics would generally be used. The field of view of the 
camera 60 is described by H J? located at a distance Sj from 
centerline 37 of focusing optics 36. In other words: 

Camera 60 further comprises an extended light source 62, 
preferably of the same shape as photosensitive surface 22. 
Preferably, extended light source 62 has an extent of diago- 
nal E 0 and is located at a distance Xq from centerline 37 of 
focusing optics 36, offset by a distance P 0 from optical axis 
56. 

Preferably, illumination from extended light source 62 is 
substantially boresighted with optical axis 56 using a beam- 
splitter (or a mirror) 58. Preferably, Distances S 0 , Xq, P 0 and 
S a and extents H 0 , E 0 and are such that: 

// 0 /5 0 =£ 0 /(ar 0 +p 0 )=H 1 /5 1 

■ Consequently, FOV, the field of view of the camera is the 
same as FOI, the field of illumination of the light source. As 20 
used herein, the term "equivalent optical extent" is used for 
a light source and photoreceptor that have a size and position 
that results only in illumination of the field of view. In other 
words the detector and source are said to have an equivalent 
optical extent when their size, as viewed from outside the 25 
camera, through lens 36 is the same. 

Another way to provide a source having an equivalent 
optical extent is to use a point source together with a field 
lens. The field lens projects the point source to the splitter 
such that it has the same extent when viewed from lens 36 30 
or more precisely from the object 26 as does the detector. 

In some preferred embodiments of the present invention, 
camera 60 has interchangeable lenses, so that at times 
focusing optics 36 may comprise a wide-angle lens of a short 
focal distance and at times focusing optics 36 may comprise 35 
a telescopic lens of a long focal distance. Alternatively or 
additionally, focusing optics 36 may comprise a zoom lens 
of varying focal distances. Yet in all these preferred 
embodiments, illumination of substantially only the cam- 
era's field of view, is maintained once equivalent optical 40 
extent of the source and photoreceptor is established. 

In one embodiment of the invention, a variable-aperture 
iris 64, located near extended light source 62, controls 
optical extent of extended light source 62, hence the illu- 
minated field of view. This allows for partial illumination of 45 
the field of view, or for matching of the optical source field 
of view to that of the photoreceptor. 

Camera 60 also comprises two fast light modulators: a 
modulator 52 between beamsplitter (or mirror) 58 and 
photosensitive surface 22 and a modulator 44 between 50 
beamsplitter (or mirror) 58 and extended light source 62. 
Camera 60 further comprises a controller or some appropri- 
ate circuitry 46 to control the two modulators and the 
light-source. 

A dual-modulation program, which will substantially pre- 55 
vent stray light from reaching the photosensitive surface is 
schematically illustrated in FIG. 2. Key to the dual- 
modulation program is the idea that when light is sent out in 
short pulses, it is possible to distinguish and separate stray 
light from radiation reflected from the scene. This is because 60 
stray light is almost concurrent with the light pulse itself, 
while reflected radiation from the scene arrives at some later 
time. 

In a preferred embodiment of the invention, a relatively 
long light pulse of extended light source 62 (illustrated in 65 
FIG. 2A) The modulation function of light-source modulator 
44 is preferably a multi-pulse function of preferably square 
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pulses of 8 j seconds each, emitted 6 2 seconds apart 
(illustrated in FIG. 2B). 

On an unprotected photosensitive surface (illustrated in 
FIG. 2C), each light pulse of S a seconds generates two light 
peaks. The first, almost concurrent with the light pulse itself, 
is a peak of stray light, which dies out within a few internal 
camera light paths after the light pulse. The second, a peak 
of reflected radiation from scene 26, begins At seconds after 
the beginning of the light pulse, where At is twice the time 
of light propagation to scene 26. Since scene 26 has a certain 
depth, the peak of reflected radiation is longer than b 1 by 
some e wherein e is twice the time of light propagation 
through the depth of scene 26. 

In order to distinguish the two peaks individually, with no 
overlap between them, the following conditions should 
preferably be met: 

1. Sj<At: The modulated light pulse should preferably be 
shorter than twice the time of light propagation to scene 
26. This condition insures that when reflected radiation 
from scene 26 reaches the photosensitive surface, the 
stray light peak has already died out. 

2. 5 1 +8 2 >At+5 J +e: The time for a complete modulation 
cycle of the light source should preferably be longer 
than the total time for light to propagate to scene 26 and 
for reflected radiation from all points of scene 26 to be 
recovered. This condition insures that the peak of 
reflected radiation from scene 26 dies out before a new 
light pulse and a new peak of stray light begins. This 
allows for an effective duty cycle of illumination of 
slightly less than 0.5, for shallow scenes and a known 
distance to the scene. 

Preferably, the modulation function for radiation striking 
the photosensitive surface is approximately the inverse of 
the light source modulation function. Preferably it is a 
multi-pulse function of preferably square pulses, wherein 
light is blocked from reaching the photosensitive surface 
during 8 l7 when the light-source modulator is open and 
wherein light is transmitted to the photosensitive surface 
during b 2 , when the light -source modulator is shut 
(illustrated in FIG. 2D). Alternatively, the photosensitive 
surface modulation function is included within the inverse of 
the light source modulation function, wherein light is 
blocked from reaching the photosensitive surface during all 
of Sj and wherein light is transmitted to the photosensitive 
surface during part of 8 2 . 

FIG. 2E illustrates the light that strikes photosensitive 
surface 22, wherein only the peaks of reflected radiation 
from the scene reacb photosensitive surface 22. 

Since the dual modulation program is dependent on At 
and on e, a determination or an estimate of the distance to 
the scene and of the depth of the scene is useful if the duty 
cycle of the lighting is to be optimized. 

In some preferred embodiments, the distance to the scene 
and of the depth of the scene may be estimated by a lens 
setting for optimum focus. Preferably, the controller receives 
information on the lens setting and determines the distance 
to the scene based on that setting. The depth of the scene 
may be estimated as the depth of field (the depth within good 
focus) for that lens setting. In general, the depth of field is 
distributed about V-} in front of the point of optimum focus 
and z h behind it. Therefore, in using the lens setting for 
optimum focus as a distance indicator, the distance to the 
scene should preferably be taken as the distance to the point 
of optimum focus minus Vz the depth of field and the depth 
of the scene should preferably be taken as the depth of field. 

Alternatively or additionally, an upper limit to At+e may 
be estimated as the distance range of light source 62, i.e., the 
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distance range within which the photosensitive surface 
receives light that results in correct exposure. (The distance 
range of light source 62 may be controlled by the number of 
light pulses of 5j that are sent out.) 

Alternatively or additionally, camera 60 may comprise a 5 
range-determining mode, wherein the modulation functions 
may be varied and the first few images may be used to 
determine the distance to the scene and its depth. 

For some light sources, the multiple-pulse function may 
be used in order to reach a required exposure. The number 10 
of light pulses used will depend inter aha on one or more of 
the film speed, the distance to the object and the f stop of the 
focusing optics. All of these conditions are preferably taken 
into consideration, by controller 46 when determining the 
distance to number of light pulses to be provided per 15 
exposure. 

In some preferred embodiments, light source 62 is an 
incoherent or coherent source which is not extended. Rather, 
the light is collimated and the beam diameter modified to 
match the extent of the photosensitive surface. In these 20 
preferred embodiments too, the light emerges through the 
lens, illuminating substantially only the field of view of the 
camera. 

Reference is now made to FIG. IB, which is a schematic 
illustration of a camera 61 with " through- the-lens" lighting, 25 
constructed in the CMOS technology, in accordance with a 
preferred embodiment of the invention. Camera 61 is similar 
in design to camera 60. However, fast-light modulator 52 is 
eliminated. A photosensitive surface 23 comprises solid- 
state pixels which can be modulated at the level of the pixels. 30 
Controller 46 controls the modulation of the light-source and 
the modulation of the pixels. In a preferred embodiment of 
the invention, the photosensitive surface is a surface such as 
those shown in PCT Application PCT/IL98/00476 filed Sep. 
28, 1998, the disclosure of which is incorporated by refer- 35 
ence. Alternatively or additionally other gate able solid state 
imaging detectors can be used such as those described in 
U.S. Pat. No. 5,345,266; in "Anew electrooptical mixing 
and correlating Sensor: Facilities and Applications of the 
Photonic Mixer device (PMD); in "Large Area Array With 40 
Non-Linear Active Current-Mode Pixels, a talk given by 
Vincent Clark at 1996 SSCTC Workshop on CMOS Imaging 
Technology; in "Image sensing with programmable offset 
pixels for increased dynamic range of more than 150 dB" by 
Oliver Vietze and Peter Seitz, SPIE Vol. 2654, p. 93 ff., the 45 
disclosures of which are all incorporated herein by reference 
or other such devices known in the art. In general, any 
photosensitive surface whose sensitivity can be modulated 
(or turned on an off) quickly either on a pixel by pixel basis 
or as a whole, can be used in various preferred embodiments 50 
of the invention. 

The dual -modulation program described in FIG. 2 and the 
conditions that should preferably be met, as discussed 
above, also apply to cameras 61. 

In some preferred embodiments, a method of modulation 55 
is carried out as an effective gain control, to equalize to some 
extent the amount of light reflected from the main object and 
the amount of light reflected from the background. Since 
illumination density (erg/cm 2 ) declines with the square of 
the distance from the light source, the main object, being 60 
generally closer to the camera than the background, is 
generally illuminated with a greater light density than the 
background. Preferably, the gain -control modulation pro- 
gram blocks light from reaching the photosensitive surface 
during part of the time during which light reaches it only 65 
from the main object, while accepting all of the light 
reflected from the background. In this manner, reflected 
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radiation from the main object and reflected radiation from 
the background are recorded for unequal periods. Alterna- 
tively or additionally, the number of pulses recorded for the 
different pixels is varied, to reach the same effect. 

In one preferred embodiment of the invention the relative 
timing of the gating of all of the pulses is adjusted to reduce 
the range of brightness of the pixels. For example, a number 
of images at different gatings (utilizing only a few pulses) 
may be compared to determine a desirable timing. This last 
method may be used for the embodiment of FIG. 1A as well 
as for the embodiment of FIG. IB. 

Thus, to some extent, the recorded illumination of the 
main object and of the background are homogenized. 

Since modulation of the photosensitive surface is carried 
out at the level of the pixels in FIG. IB, it is possible to 
control the amount of radiation reflected from the scene that 
is collected on each pixel. In this manner, effective gain 
control, homogenizing the amount of light reflected from the 
main object and the amount of light reflected from the 
background is better achieved. 

In some preferred embodiments, one or more tests utiliz- 
ing a limited number of pulses are performed for a particular 
scene and controller 46 determines the period of modulation 
for each pixel for optimum reduction of bright and dark 
spots. 

Reference is now made to FIG. 3, which is a schematic 
illustration of a telecentric, optical-ranging camera 50 with 
"through-the-lens" lighting, which likewise uses the dual- 
modulation program to protect the photosensitive surface 
from stray light, in accordance with a preferred embodiment 
of the invention. 

In FIG. 3, a light source 40 is collimated by a projection 
lens 54 and boresighted with optical axis 56 using beam- 
splitter (or mirror) 58. The reflected radiation from scene 26 
is likewise collimated. With the telecentric system and an 
internally collimated light source, the light emerges through 
the lens, illuminating substantially only the field of view of 
the camera. 

Preferably, light-source modulator 44 is positioned 
between light source 40 and beamsplitter (or mirror) 58. 
Preferably, modulator 52 is positioned between beamsplitter 
(or mirror) 58 and photosensitive surface 22. 

Reference is now made to FIG. 4, which is a schematic 
illustration of another telecentric, optical-ranging camera 59 
with "through-the-lens" lighting, which again uses the dual- 
modulation program to protect the photosensitive surface 
from stray light, in accordance with a preferred embodiment 
of the invention. 

In FIG. 4 modulator 52 is positioned between beamsplit- 
ter (or mirror) 58 and photosensitive surface 22, behind 
focusing optics 36. 

A telecentric system may also be used with a CMOS 
device such as device 23 of FIG. IB. 

The dual-modulation program described in FIG. 2 and the 
conditions that should preferably be met, as discussed 
above, also apply to telecentric cameras 50 and 59. 

The present invention is not limited to the specific dual- 
modulation program described here. In some preferred 
embodiments an optimal dual-modulation program may be 
determined experimentally, preferably, for a specific camera 
design. Alternatively or additionally, other dual-modulation 
programs may be devised theoretically. 

Preferably, modulators 52 and 44 are large-aperture, fast- 
rise-time, solid-state shutters described in PCT/IL98/00060, 
"Large Aperture Optical Image Shutter," the disclosure of 
which is incorporated herein by reference. However, they 
may be mechanical or liquid crystal shutters or some other 
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type of radiation modulator, as known in the art, provided 2. A method according to claim 1 wherein controlling the 

they have the required speed. amount of light registered by the pixel comprises controlling 

In a preferred embodiment of the present invention, the amount of light to reduce a maximum difference between 

photosensitive surface 22 comprises a photographic film. amounts of light registered by pixels that image regions of 

Alternatively, photosensitive surface 22 comprises a CCD s ^ ^ M different distances from ^ hotosurface> 
array. Alternatively, photosensitive surface 22 comprises 

some other photosensitive surface, as known in the art. 3 * A method according to claim 1 wherein the scene 

Preferably, extended light source 62 comprises a flash or comprises an object and a background and determining a 

a discharge lamp. Alternatively extended light source 62 distance comprises determining whether the pixel images a 

comprises some other suitable light source, as known in the 10 region of the object or a region of the background and 

art, which may be extended light sources. controlling the amount of light registered by the pixel 

Preferably, light source 40 is a laser light source. comprises controlling the amount of registered light so as to 

Alternatively, light source 40 comprises an other suitable reduce a maximiim difference between amounts of light 

light source, as known in the art. registered by pixels that image the object and pixels that 

The present invention has been described using non- 15 . , h . £ j 

limiting detailed descriptions of preferred embodiments ^age e ac groun 

thereof that are provided by way of example and are not 4. A method according to claim 1 wherein controlling an 

intended to limit the scope of the invention. Variations of amount of light registered by the pixel comprises ilium inat- 

embodiments described will occur to persons of the art. ing the scene with a plurality of light pulses and controlling 

Furthermore, the terms "comprising " "comprise," include," 20 gating of the pixel to control an amount of light that is 

and "including" or the like, shall mean, when used in the incident on the pixel from each of the light pulses when the 

claims, "including but not necessarily limited to." The scope | s g atec j on 

of the invention is limited only by the following claims. , A , , , . A , ... . 

What is claimed is* A method according to claim 4 wherein controlling the 

1. A method of imaging a scene on a photo-surface 25 g atin S comprises controlling the timing of the gating with 

comprising a plurality of light sensitive pixels the method respect to each of the light pulses. 

comprising: 6. A method according to claim 4 wherein controlling the 

determining a distance from each pixel of the plurality of gating comprises controlling the gating to control the num- 

pixels to a region of the scene imaged on the pixel; and ber of light pulses of the plurality of light pulses from which 

subsequently controlling an amount of light from the 30 the pixel receives light, 
region that is registered by the pixel responsive to the 

determined distance. ***** 
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